(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

10.09.1997 Bulletin 1997/37 

(21) Application number: 97301435.0 

(22) Date of filing: 04.03.1997 



(n) EP 0 794 428 A1 

EUROPEAN PATENT APPLICATION 

(51) IntCI * G01N 27/12 



(84) Designated Contracting States: 


• Hinton, Andrew John 


CH DE FR GB IT LI NL SE 


Hampshire GU13 0LU (GB) 


(30) Priority: 04.03.1996 GB 9604627 


(74) Representative: 




Hedley, Nicholas James Matthew et al 


(71) Applicant: NEOTROMCS LIMITED 


Stephenson Harwood 


Bishop's Stortford Hertfordshire CM22 6PU (GB) 


One, St. Paul's Churchyard 




London EC4M 8SH (GB) 


(72) Inventors: 




• Cooke, Michael 




Bampton, Devon EX16 9NJ (GB) 





(54) Sensor for volatile materials and 



(57) A sensor capable of distinguishing between dif- 
ferent optical isomers (enantiomers), which sensor 
comprises a pair of spaced-apart contacts ((14) and a 
semi-conductive polymer material (20) spanning the 
gap (15) between the contacts, which polymer material 



includes chiral sites. The chiral sites in the polymer ma- 
terial are preferably formed by incorporating an optically 
active counterion into the polymer material, for example 
by growing the polymer in the presence of such a coun- 
terion. e.g. camphor sulphonic acid. 
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Description 

Technical Field 

The present invention relates to the sensing of gas- 
es, volatile materials and in particular to the sensing of 
smells, aromas or odours. 

Background Art 
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It is known that the smell of certain naturally occur- 
ring volatile materials, as perceived by the human nose, 
is dependent upon the optical activity of the volatile ma- 
terial. For example, d-carvone smells of caraway and 
dill while the corresponding l-carvone smells of spear- *5 
mint. It is thus highly desirable to be able to distinguish 
between different optical isomers (enantiomers). How- 
ever, optical isomers have identical physical properties 
to each other and it is therefore difficult to tell the isomers 
apart using simple analytical techniques without sepa- 20 
rating out the individual isomers and no such simple 
technique has hitherto been able to achieve this. 

Although optically active aroma materials can be 
produced synthetically, synthetic production generally 
produces a racemic mixture of the isomers and the sep- 2S 
aration of the racemic mixture into its constituent iso- . 
mers is very expensive. The aroma effect of the racemic 
mixture is often different from that of the naturally occur- 
ring isomer. On the other hand, synthetically produced 
racemic aroma materials are much cheaper than their 30 
naturally occurring counterparts. 

It is possible, in order to save costs, to incorporate 
a limited amount of the synthetic material in with the nat- 
urally-occurring material without a significantly noticea- 
ble effect on the overall aroma but there is a limit to how 3S 
much synthetic material can be incorporated before it 
does have a noticeable effect. For example, l-menthol 
is added to toothpaste to give it a peppermint flavour. I- 
menthoi is naturally occurring but it can also be pro- 
duced synthetically in a racemic mixture. The racemic 40 
mixture of d- and I- isomers is much cheaper than the 
naturally occurring l-menthol but, as stated, there is a 
limit on how much synthetic menthol can be added be- 
fore the user notices. It is therefore highly desirable to 
be able to detect the difference between synthetic and 45 
naturally occurring menthol to control the amounts of the 
natural and synthetic menthol added to toothpaste. 

The present invention provides a simple sensor that 
is capable of producing a signal that distinguishes be- 
tween different enantiomers so 

It is known from GB-2176901, GB-2221761, 
WO93/03355 and WO86/01599 to make sensors for 
sensing the presence of volatile materials, e.g. smells, 
aromas and odours, in a gaseous atmosphere. Such 
sensors consist of a pair of spaced-apart electrical con- 55 
tacts and a semi-conductive polymer spanning the gap 
between the contacts The resistance of the polymer 
changes on exposure to a volatile material, the magni- 



tude of the resistance change depending firstly on the 
nature and amount of the volatile material and secondly 
on the nature of the polymer. 

It is also known to provide a sensing head for ana- 
lysing a volatile material that comprises an array of such 
sensors, each containing a different polymer. The differ- 
ent polymers in the sensors of the head respond differ- 
ently to the presence of a volatile material, e.g. an aro- 
ma, in the atmosphere being monitored. The resistance 
of the polymers of the various sensors sensor head are 
monitored to give an output signal for each sensor, 
which may, in effect, be a plot of the resistance of the 
polymer of each sensor against time. The combination 
of signals from the various sensors gives a pattern that 
is characteristic of the aroma concerned and the pattern 
of sensor signals for a given aroma is often referred to 
as a fingerprint' of that aroma. The combination of sen- 
sor signals obtained on exposure of the sensor head to 
a volatile material can be used to detect, characterise 
and identify the smell, aroma or odour. 

The sensors are made by laying down on a sub- 
strate a pair of spaced-apart contacts and the polymer 
is grown (polymerised) electrolytically in the gap be- 
tween the contacts by dipping the spaced-apart con- 
tacts into a monomer solution that also contains a coun- 
ter ion and a solvent. When an electric current is passed 
between, on the one hand, the contacts and, on the oth- 
er hand, a counter electrode, the monomer is polymer- 
ised in the gap between the contacts. The properties of 
the polymer within the sensor is determined, not only by 
the monomer, but also by the counterion present in the 
monomer solution, which is incorporated into the poly- 
mer to balance the ionic charge of the polymer chain. 
Also the properties of the polymer are affected by the 
nature of the solvent in the original monomer solution. 

Disclosure of the Invention 

According to the present invention, there is provid- 
ed a sensor capable of distinguishing between different 
enantiomers, which sensor comprises a pair of spaced- 
apart contacts and a semi-conductive pofymer material 
spanning the gap between the contacts, which polymer 
material includes chiral sites. 

The chiral sites in the polymer material may be 
formed by: 

1 . including optically active groups in the polymer, 
generally in a side group bonded to the chain; for 
example, when the polymer is polypyrrole, the chiral 
side chains may be bonded to one of the carbon 
atoms or to the nitrogen atom of the pyrrole ring in 
the oxidised polypyrrole; 

2. incorporating an optically active counterion into 
the polymer material, for example by growing the 
polymer in the presence of such a counterion; ex- 
amples ot such counterions are menthoxy acetic 
acid, carzyl acetate and natural or synthetic chiral 
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amino acids such as cysteine and valine, or 

3. growing the polymer from a monomer solution 

whose solvent is optically active. 

Although sensors as described in WO 93/03355 are 
capable of detecting aromas and the human nose is also 
capable of detecting aromas, the sensors themselves 
do not actually mimic the action of the nose since the 
sensors and the nose use completely different mecha- 
nisms for detecting aromas, the sensors detecting the 
conductivity of the polymer in the presence of the aro- 
mas while the human nose detects aromas because the 
aroma triggers nerve cells in the nose that the brain re- 
sponds to. It is thus totally unexpected and surprising 
that the sensors can detect differences in enantiomers 
in this way, particularly since the physical properties of 
the enantiomers are identical to each other (apart from 
their effect on polarised light). 

The polymer may be a copolymer. 

Of the above three possibilities of including a chiral 
site, possibility 2 is preferred since it is easier to incor- 
porate chiral counterions into the polymer material dur- 
ing the growth of the polymer chain than to incorporate 
such sites into the polymer itself, since steric effects can 
lead to problems in polymerising monomers having chi- 
ral sites. The use of optically active solvents in the mon- 
omer solution can give the desired discrimination be- 
tween enantiomers, but it is less reliable than the use of 
optically active counterions and/or optically active sites 
in the polymer itself. 

The optically active anionic counterbn preferably 
includes a sulphonic acid (sulphonate) group since that 
stabilises the polymer material in air. The sulphonic acid 
group is preferably bonded directly to the optically active 
site although this is not an absolute necessity. 

The counterion is preferably a compound of a gen- 
eral formula: 

R. 
I 

R,— C* — R 4 
I 

R, 

wherein R v R 2 , R 3 and R 4 are ail different and stand for 
different organic or inorganic substituents; preferably at 
least one of the substituents is or contains one or more 
sulphonate group(s) (although it is apparent that two or 
more of the substituents R n to R 4 cannot stand for sul- 
phonate alone). Most preferred are commercially avail- 
able optically active compounds, especially camphor 
sulphonic acid, which gives rise to the camphor sulpho- 
nate anion. 

When the optically actrve site is included in the pol- 
ymer chain, it is generally included in a side chain to the 
polymer backbone, for the reasons given above. Any 



natural or synthetic optically active side group may be 
used so long as it can be introduced into the polymer 
chain. Example of such side groups are radicals formed 
from menthoxy acetic acid, carzyl acetate and natural 
s or synthetic chiral amino acids such as cysteine and va- 
line. 

The chiral sites may be introduced into the polymer 
by an optically active solvent. In these circumstances, 
any suitable optically actrve solvent may be used. 

10 The present invention also contemplates a method 
of detecting and discriminating between different chiral 
compounds, which comprises exposing a sensor of the 
type described above to a gaseous sample containing 
an optically active substance and measuring the resist- 

is ance of the polymer material. 

The present invention is not limited to the detection 
of aroma materials and can be used to detect gases and 
volatile materials that are odourless to the human nose. 
The gaseous sample may be the gas or vapour in the 

20 headspace above a volatile liquid or solid. 

Brief Description of the Drawings 

Figure 1 is a graph showing the signals (against 
25 time) from twelve sensors according to the present 
invention on exposure of the sensor to (S)-(+)- 
2-amino-1 -butanol; 

Figure 2 is a graph corresponding to Figure 1 when 
30 the same twelve sensors are exposed to (R)-(-)- 
2-amino-1 -butanol; 

Figure 3 is a graph showing the difference, for each 
sensor, between the signal of the sensor when ex- 
35 posed to (R)-(-)-2-amino- 1 -butanol as compared to 
the signal of the sensor when exposed to the (S) 
isomer, i.e. it is a plot of the difference between the 
graphs of Figures 1 and 2; 

40 Figure 4 shows a plot of the difference in the signals 
of twelve sensors when exposed to (R)-(+)- 
limonene and (S)-(-)-limonene; 

Figure 5 shows a polar plot of the signal from ten 
45 sensors exposed to (S)-(+)-carvone; 

■ Figure 6 is a polar plot similar to Figure 5 but show- 
ing the response of twelve sensors of same type 
used in connection with the plot of figure 5 when 
50 exposed to (R)-(-)-carvone. 

Figure 7 is a schematic view of three sensors of the 
present invention mounted on a common base. 

55 



3 



5 



EP0 794 428 A1 



6 



Best Mode for Carrying out the Invention 
Example 1 

A substrate containing three sensors of the present 
invention is made in the manner disclosed in 
WO93/03355 (the content of which is incorporated here- 
in by reference). The substrate (see Figure 7) includes 
a base 10 of silicon, alumina or silica on which there are 
deposited three pairs of contacts 14 (one pair for each 
sensor), the contacts of each pair being spaced apart 
by a gap 15 of approximately 10 um Electrical connec- 
tions to the individual contacts 14 can be made by con- 
ductive pads 16. The whole of the substrate (except in 
the area of the pads 16 and in the area of a window 20 
overlying both the gap 1 5 and adjacent areas of the con- 
tacts) is covered by a layer of an insulating stop-off ma- 
terial (not shown for ease of illustration). Details for the 
manufacture of the substrate are disclosed in 
WO93/03355. 

25 ml of 0.1 M (1R)(-)-10-camphor sulphonic acid 
solution (the solvent being deionised water) is meas- 
ured into a beaker and 0.25 grams of purified pyrrole 
are added drop by drop using a teat pipette. The result- 
ing pyrrole solution is stirred with a glass rod. 

The substrate is immersed in the pyrrole solution so 
as to cover the window 20 where the polypyrrole will be 
grown. A saturated calomel reference electrode and a 
platinum gauze secondary (counter) electrode are also 
inserted into the solution. The contacts 14 of the sub- 
strate and the secondary and the reference electrodes 
are then all connected to a conventional potentiostatic 
circuit that maintains a potential of +650 millivolts be- 
tween, on the one hand, the contacts 14 and, on the 
other hand, the reference electrode. This causes the 
pyrrole to polymerise in the window 20 of each sensor. 
After two minutes, the potentiostatic circuit is switched 
off and the polypyrrole grown on the substrate is allowed 
to equilibrate with the pyrrole solution for a further two 
minutes before being removed from the solution and 
rinsed with distilled water. The substrate is allowed to 
dry for 24 hours. 

Example 2 

The procedure described in Example 1 is followed 
except that the (1 S)(+) enantiomer of camphor sulphon- 
ic acid is used instead of the (1R)(-) enantiomer. 

Example 3 

Six sensors of the type described in Example I and 
six sensors of the type described in Example 2 are 
mounted on a sensor head of a type commercially avail- 
able from Neotronics Scientific Limited of Western 
House, 2 Cambridge Road, Stansted Mountfitchet, Es- 
sex, United Kingdom and each is connected to a circuit 
for measuring the resistance of the polypyrrole depos- 



ited in the window 20. This involves applying a potential 
difference between the contacts 14 of each sensor so 
that an electrical current passes through the polypyrrole; 
the magnitude of the current flowing will give a measure 
5 of the resistance of the polymer. These sensors are then 
exposed to an atmosphere containing (S)-(+)-2-amino- 
1-butahol at a temperature of approximately 20°C and 
the resulting signals from the various sensors are shown 
in Figure 1 where the vertical axis is the sensor signal 
(i.e. change in resistance) and the horizontal axis de- 
notes time in minutes. The sensors are then removed 
from the 2-amino-t-butanol atmosphere and allowed to 
equilibrate in dry air for a period of at least 5 minutes. 

The sensors are then exposed to an atmosphere 
containing the (R)-(-) enantiomer of 2-amino-1 -butanol 
and the resulting signals from the sensors are shown in 
Figure 2. 

It is apparent from the graph of Figures 1 and 2 that 
the two types of sensors are able to discriminate be- 
tween the two enantiomers of 2-amino-1 -butanol and al- 
so that the signals from the sensors of Example 1 give 
qualitatively similar signals to the two chiral gas samples 
as the sensors of Example 2, despite the polymers in 
the two sensors having opposite chiral sites. 

The difference between the signal of each sensor 
when exposed to the (R)-(-) enantiomer and the signal 
when exposed to the (S)-(+) enantiomer is shown in Fig- 
ure 3 which clearly shows that all the sensors are able 
to discriminate between the two enantiomers. 

Example 4 

A procedure similar to that described in Example 3 
is repeated except that the sensors are exposed in turn 
to the two enantiomers of limonene. The resulting dif- 
ference plot is shown in Figure 4. 

It is clear from Figure 4 that the sensors are able to 
discriminate between the two enantiomers of limonene. 

Example 5 

The procedure of Example 1 was followed except 
that a racemic mixture of sodium camphor sulphonate 
was used instead of resolved (R)(-) camphor sulphonic 
acid. 

Example 6 

Ten sensors made by the procedure set out in Ex- 
ample 5 were exposed to the (S)-(+)-carvone and the 
resulting steady-state signals from the sensors are 
shown in the polar plot of Figure 5. 

Twelve sensors of the same type were then ex- 
posed to (R)-(-)-carvone and the resulting polar plot (on 
the same scale as in Figure 5) is shown in Figure 6. 

It is clear from a comparison between Figures 5 and 
6 that the sensors are able to discriminate between the 
two enantiomers of carvone. Note should be taken that 
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a polymer containing a racemic mixture of the counteri- 
on was still able to discriminate between the two enan- 
tiomers of carvone indicating that it is not necessary for 
all the sites in the polymer to have the same chirality in 
order to discriminate between different enantiomers. 



Claims 

1. A sensor capable of distinguishing between differ- 
ent volatile enantiomeric substances in the gaseous 
phase, which sensor comprises a pair of spaced- 
apart contacts and a semi-conductive polymer ma- 
terial spanning the gap between the contacts, 
wherein the polymer material is such that its elec- 
trical resistance changes on exposure to volatile 
enantiomeric substances and wherein the polymer 
material includes chiral sites. 

2. A sensor as claimed in claim 1 , wherein the chiral 
sites in the polymer material are formed by a chiral 
counterion incorporated into the polymer material, 
for example by growing the polymer in the presence 
of such a counterion. 

3. A sensor as claimed in claim 2, wherein the optically 
active anionic counterion includes a sulphonic acid 
(sulphonate) group. 

4. A sensor as claimed in claim 3, wherein the sul- 
phonic acid group is bonded directly to the optically 
active site. 

5. A sensor as claimed in any one of claims 2 to 4, 
wherein the counterion is a compound of a general 
formula: 



8. A sensor as claimed in claim 1 , wherein the chiral 
sites in the polymer material are formed by chiral 
side groups bonded to the backbone polymer 
chains, e.g. radicals formed from menthoxy acetic 

s acid, carzyl acetate and natural or synthetic chiral 
amino acids such as cysteine and valine. 

9. A sensor as claimed in claim 1, wherein the chiral 
sites in the polymer material are be formed by grow- 

io ing the polymer from a monomer solution whose 
solvent is optically active. 

10. A method of detecting and discriminating between 
different chiral compounds, which comprises ex- 

15 posing a sensor as claimed in any one of claims 1 
to 9 to a gaseous sample containing an optically ac- 
tive substance and measuring the resistance of the 
polymer material. 
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wherein , Rg, R 3 and R 4 are ail different and stand 
for different organic or inorganic substituents. 

6. A sensor as claimed in claim 5, wherein at least one 

of the substituents , R 2 , R 3 and R 4 is or contains 5a 
one or more sulphonate group(s). 

7. A sensor as claimed in any one of claims any one 
of claims 2 to 6, wherein the counter-ion is camphor 
sulphonate, menthoxy acetate, carzyl acetate or 55 
natural or synthetic chiral ammo acids, e.g. cysteine 
and valine. 
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(57) A composition containing a polymeric matrix 
and a conductive filler component is provided. The con- 
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stituted and unsubstituted polyanilines, substituted and 
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substituted and unsubstituted polyacetylenes, and mix- 
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Compositions of the present invention are useful as 
corrosion protecting layers for metal substrates, for elec- 
trostatic discharge protection, electromagnetic interfer- 
ence shielding, and as adhesives for interconnect 
technology as alternatives to solder interconnections. 

In addition, films of polyanilines are useful as corro- 
sion protecting layers with or without the conductive 
metal particles. 
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Summary of Drawing 

^ Figure 1 provides potentiodynamic polarization curves for copper coated with different materials. 
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and 60-88% formic acid. This list is exemplary only and not limiting ' 
P-elened polyaniline oompounoe In the present invention „ e eta* derivatives, weserted by Die toto.!^: 
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R=OCH£H, y-0.5 



R =004,04, ^ 



Eranptedanothetsubsttutedpor^^ peoai/aianotKnotentels. 
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The polyanilines. and preferably the alkoxy substituted polyanilines. such as ethoxy substituted oolvanilinp* « 

layer on a metal substrate. The polyanihnes are preferably employed in their conducting doped form 9 
Examples of suitable polythiophenes are represented by the following formula: 
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wherem each R2 is H or any organic or inorganic radical; wherein t * 1 and preferably wherein at least one R2 is nnf H 
Polyparaphenyfenevmylenes useful to practice the present invention have general formu a wh?ein e^Ra is H or 
any organic or inoigamc radical, and wherein s a 1. Each R3 can be the same or different 



R» 



radS| ineS US€tUl t0 PraCllCe PreS8nt inVenti0n h3Ve 9eneral formu,a wherein R1 ° is H 



or an organic or inorganic 



35 



[CRio = N .NCRiO] n whereinn s l 
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R 4 R 4 




J* 



so Wypyrroles which are useful to practice the present invention have general formula wherein w * 1 each R5 * m nr 
any organ.c or .norganic radicals; wherein each one R* can be the same or dZt R 5 is H or 
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Polyselenophene useful to practice the present invention have general formula, wherein v s 1 and each R6 i B h or anu 
organ,c or .norganic radical and wh P r ein eaC h R6 can be the same or different: * ^ and "* R6 18 H or an * 
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R \/ 4 *v_/*| [ RJ R, l 

v 'a ? * l s J. 
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Poly-p-phenytene sulfides useful to practice the present invention are reorespnt^ h v th fl • 

wherein each R 7 is H or any organ* . inorganic ESKEJiEi ^^SeS" ^ 
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2. wZ^^ no i p lei 
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Theconductiveparticlescan be precoated with the above condudingpdymers prior to admixture with the oolvmeric 
matnx. In the alternative, the above conducting polymer and conductive particles can be 
polymenc matrix. The blending can be carried out by dispersion or more pTeferably, by soS Weriing 

• am „ W i en ^ d6f ined conductin 9 P° lvmer and conductive particles are admixed with the polymeric matrix lower 
5 amounts of conductive particles are needed to obtain a given conductivity. P«ymeric matnx. lower 

o 1 ]0*1Z IS 0 preC ° at * he «™» particles, the conducing polymer is generally used to provide coatings about 
0.1 to about 5 microns thick, and preferably about 0.15 to about2.S microns thick. ov, ue coatings aoout 

The particles can be solution coated. 

,„ mata ™! P 2! meriC . ma,riX emp,0yGd ' pureuant 10 the Pes*"* invention - <*" be thermoset or thermoplastic oolvmeric 
,2 f h P0 ' ymerS 3re 1,16 P 01 ^ 0 ***- Polyacrylates. polymethacrytates. pol^an* arSm 

SL™ ** k P ° ,yi ? de Si,0XaneS - P 01 ^ 3 "^ P°W"s, and polyamides. Mixture! S pZers at Ef as" 
copolymers can be employed when desired. pwymere as wen as 

^ CO'Wfcn °' the matrix polymer, the conducting polymer and the conducting particles is as follows- ThP 

coveting polymeristypicallyern^^^ 
,s and most preferably about 1 to about 10% by weight based upon the total weight o/the pSyme^ix * 9 ' 
The amount of conducting particles is typically about 40% to about 95% by weight preferably about 7«i tn ah™* 

o n ♦k ^ 6 compo ? itions of i he P rese "t Mention when used as a corrosion prevention layer are tvoicallv emoted »t 

^Sr enti ° n ^ b6 to " t09eth6r a - « substrate as a 

p S tHriHL* ? : ° mpositio " s 0, , the P resent inven f'° n useful as electromagnetic interference (EMI) coatings on a dielectric 
SS' T° eXarTple ■ e,ectrical com P° nen fc are frequently contained within dielectric LsinaTsuch as 22? 

2222"? "S? ' ike T ° r6dUCe the SUSCeptibi ' i,y * fte e,e <*° nic componemTc;S« 
electiomagnef c rad.at.on. the dielectric housing can be coated with the carnpSions of the preseSe^ 

The following non-hmiting examples are presented to further illustrate thTpresent invention 
30 Example 1 - Preparation of Polyanilines 

hvdr^hS^T^^ W3S by the ChemiCa ' ° xklative P^rization of aniline in aqueous/1 normal 

ulT^J 9 rTT^ m P6rSU,,ate 35 0xidanl The ^^"9 Polyaniline hydrochloride sa^s isoteted 
NH40H Th 7* f^"* ^ CWWWl-d 10 *" P0,yani,ine baSe form (^ducting) by re^cTng wi^O M 
de^aL 3 P ^ n,ne ^ 

Example 2 - Preparation of Coated Silver Particles 

\ ^ E !H° Xy po| y ani,ine ,os y |a,e Prepared in Example 1 was added to the silver particles The aartici^ ^ 

strred in the conducting solution. The particles were then filtered and dried ^nde/^ul * 

Example 3 - Preparation of Conductive Composition 
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Example 4 - Blending of a Host Polymer and Polyaniline and Metal Fillers 

. J° II? r ?! in ' in P ariticu,ar « Polymethylmethacrylate in gamma-butrolactone was added a gamma-butrolactone 
solution of the ethoxy polyamline tosylate. The two polymers mixed well. To the polymer blend solution were added silver 

T^^?^ m ™ e feSU,tin9 miXtUfe W3S US6d t0 * fcM «* ****** coatings. The mixture can also 
be processed by conventional means to fabricate conducting films or composites suitable for the uses disclosed above. 

Example 5 
describsTasfo^ 

Evaluation of the corrosion rate by electrochemical techniques is direct and precise, but not readily applicable to condi- 
tions of atmosphere corrosion. Tests were conducted in a miniature cell, that was designed in an attempt to bridge the 
benefits of electrochem-cal testing and the challenges presented by corrosion reactions under a thin layer of an elec 

SoSj* ^ ^ 3 dr ° P,et * W3ter 88 a " el6Ctr0lyte ' 35 deSCrib8d by BrUSiC ' * 81 ' 1 E,e *«**"- Soc. 136 
The set-up consists of Ihe sample (working electrode) masked with plating tape to expose a 0.32 cm* area Pt mesh 
(counter electrode) jnd a mercurous sulfate electrode (reference electrode* Zh a SSpaper dsS 

rr a ti9hHy ,itted ,ii,er ^ and a f,at pt mesn - •» —e^ in to . eisa 

the opening of a vertrca ly positioned and a rigidly held Beckmann fitting. The inner diameter of the fitting was 8 mm 
i.e large enough to easily expose the entire working area that has a diameter of 6.4 mm. The sample was then raised 

8 "Tsr— a9ainst the mn9 - 1716 second filter disk was an E ^ ZTaX 

P™* 0 "?™ * e "** usi "9 •» ^ng as a holder. A typical droplet size was 20 (d Due 
to small distances between the electrodes, the ohmic resistance in the cell was relatively small even with elec tiolytes 
such as de>on l2 ed and tri P le<iisti.led water. As the ohmic resistance of the cell was only about 800 in the f M mm 
of measurement, insignificant errors in the evaluation of corrosion rates are introduced The pro^urewasto S£ 

COrroS '°1 POtent ' a ^ 3t 1 m WS - 7T ' e C0rroSi0n rate was calcu,ated ^"9 the Model 352 SoftCorr II 
5S. *2XS ZTTlr*ft ReSearCh ' The P° tentiod y namic W«tion curve was then measuredal^rate 

tl^T.T °„? Z*" ° 0rr0Si0n 1KmM - ^ corrosion rate ™ by an extrapolation of me 

cathodic and anodic currents to the corrosion potential. K e 

Excel lent corrosion protection has been measured with unsubstrtuted. undoped polyaniline base. Rgure 1 (curve 

L SJrtn ^ • ^ th6r S 8tabMity iS UP t0 * 400,0 7,16 ,i,m adheres we " 10 ■» ^ surface and aS as 
!£T££ .^^^ """H*^ «* "«>ks si mi , ar to one obtained on unprotected 

that the film also affects exodus of copper ions, i.e.. the anodic reaction 

Thesurprisir^ly effective protection is observed with ethoxy substituted non-doped polyaniline base. Figure 1 (curve 

Xm^iTTJ^ 8 . ^•S*" 8pUn at Vari ° US rpmS t0 form ,i,ms 01 diferem thickness 
il^a rwfarth«^ ♦ - ^ pectvely J- 1,16 Wms are very homogenous and well adherent. Even the thinnest film behaved 
ZIS^FJSZ!? ^ 8 ! electrochemical data sh °" » current normally attributable to oxygen reduction Tne 
measured pathod,e ; current of about 2x10"? A/cn* is independent of film thickness, type of metal (copper Slver and 

k ^ ad,C ? ° r * he ^ P0 ' ymer baCkb0ne Tne anodic ««* •*« dissolution, is in all cases 
B"»H.yreduced by a factor wh,ch mcreases with film thickness. The protection is substantial, in particular at high poten 

unproS mefais ^ '* *°" 4 * maflnituda '™ r ^easuS on 

«,iU 0Xy SU 55"!f P?^ 1 ^ hydrochloric acid was prepared by spin-drying the non-doped ethoxy base 

ZSZTJL .ST""" ttM S° n iS Simi,ar t0 the ° ne 0ffered by tne ""^P* ethoxy-polyanilfne base, except 
forthj^ 

of electrons needed foroxygen reduction. The protection of the fim is excellent, especially at anoSc potentiate 
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Water Drop Test II: 

A drop of water is placed across adjacent metal leads. A potential of 5V is then applied across the metal lin« an * 

Test vehicle for measurement: 
Test vehicle: Cu lines applied by evaporation on .5 M m Si02 coated wafers. Copper line patterns include- 11 line 
8 mils spac.ng.-l6 mils 2) line width-6 miles spacing 12 mils. } 9 Wldth " 

io Bare Copper (Cu) 

and 2 tZ™* ' ineS deaned * 1 ■* ^ ion to rem ^ "ative oxides, rinsed ^th deionized water 

Results are as follows: 
is 3 repeated test measurements: 

16 mils spacings~45 seconds. 48 sees, 51 sees for dendrites to form 
12 mils spac.ngs-39 seconds. 42 sees. 40 sees for dendrite to form 
Copper Lines Treated with Benzotriarole (BTA) Solution 

KOH solution (pH - 10) for 10 rrunutes. This results in formation of Cu20 (about 2 nm thick 71* hStaZJS I 

25 Ethoxy polyaniline (base or non-conducting form) 

A 10% weight solution in NMP of the ethoxy polyaniline base was used to spin-coatfilms on wafers with Conner anr. 
s-lverhnestasdescr^^ 

30 

Water Drop Test After 220oC/30 Minutes Storage 

tJZSZSi*" ' ineS "* 5159 A fi,m d * - *■» dendrite, even after 30 minutes 

35 

Temperature and Humidity Test (85°C. 80% relative humidity) 

™ e 5 , 1 59 A thick ,ilm of me ^oxy "on-doped polyaniline base coated silver and copper surfaces were tested U rH«r 

Temperature/Humidity/Bias Voltage Test 

2 .inLtfi! T « iS ^"f'^nitored and failure is flagged when the isolation resistance reading between the 
2 lines is less than 16 mega-ohms. Test is done while wafer is in the oven at 85'C and ao% r^tZ °™' een ™ 

was 3 volts and 14 99 volts. The polyaniline coated wafers passed 500 hours and 1000 hSrs 
Ethoxy Polyan,l.ne Doped With Hydrochloric Acid (more highly conducting Form of Polymer 
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Claims 



1. A^mpoationcompHsingathermosetorthernxiplasticpolym 

said filler component comprises at least one conducting polymer selected from the group consisting of substituted 
Sfi^TlSSSj *HT?. ' h * n * enevin y |enes - substituted and unsubstituted polyanilines. substituted and unsub- 
2H? f&IS Jf rtUt6d and unsubstitLrted polythiophenes. substituted and unsubstituted polyparaphen- 
y T^'^ ^ poly-p-phenylene sulfides, substituted and ^substituted prtyfuranes 

^^^"^^^Po'ypyrroles, substituted and unsubstituted polyse^ 
stituted polyacetylenes and mixtures thereof; and copolymers thereof; and conductive particles. 

3. The composition of claims 1 to 2 wherein the amount of conductive particles is about 40 to about 95% by weight 
based upon the total of said conducting polymer and said polymeric matrix. 9 

4 " ^,"^ it ?" (rfany 0,theprecedin 9 daims 1 to3 whereinsaidpolymericmatrixcornprisesatleastonepolymer 
polyurethanes, polyolefins. and polyamides. 

5. The composition of any of the preceding claims 1 to 4 wherein said particles are silver or copper. 

6 " SSSSSSS."* * PreC6din9 C,aimS 1 to 4 Wher6in ■* COnductive P artcles a * ^coated with said 

7 ' sloXSpoJaSr - me PreCedin9 daimS 1 ,0 6 ^ 8akl P °' ymer i8 8 Pb,yaniline " an 
8. The composition of any of the preceding claims 1 to 7. wherein said composition is in the form of a paste. 

1 0. A composite comprising a metal substrate, wherein said metal comprises copper or silver and as a corrosion pro- 

2 lto e o°^ f St T T 6UffaCe ° f - B SUbStrate ' 3 COmpos,tion accordi "9 to ^ one of the 
claims 1 to 9. or a layer of a polyanilme. comprising an alkoxy polyaniline or an ethoxy polyaniline. 

11 ' imn^n^^Z 6 ' 6 *^ 10 "i 8 * 9 * 6 pr0teCtion w elecfroma 9"etic interference shielding by applying the 
composition of any of the preceding claims 1 to 9. w a 
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